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Rat peritoneal m ast cells incubated with a histamine lib-
erator, co mpound 4S/SO , showed a significantly redu ced 
cap acity for releasin g histamine followin g in vitro trea t-
ment with 0.1 jLg/mJ ofS-methoxypsoralen (S-MOP) plus 
1-5 Jlcm 2 of long-wave ultravio let (UVA) irradiation 
(PUV A). No rem arkable inhibition in histamine release 
was observed in the cells trea ted with S-MOP onl y. Irra-
diation with 5 j / cm 2 of UVA alone exerted an inhibitory 
effect on histamine release, to a lesser ex tent th an PUV A. 
T·· rea tment with 8-methoxypsoralen (8-MOP) plus long-w ave ultra vio let (UVA) irradiation (PUVA) is known to exert inhibito ry effects o n immunologic reactions: PUV A suppresses de layed-type hypersensitivity throu g h alteratio ns in the funct ions of immune cells 
in cludin g T ly mphocytes and Langerhan s cell s [1J , and inac tivates 
anaphylatox in and mi g ration of po lymorphon uclea r leukocytes 
tliat are involved in type III h ypersensitivity reacti o ns 1"2,3J. He-
centl y, however, PUV A therapy has been used in th e treatm ent 
of solar urtica ria and cutaneous and sys temic m astocytosis [4-6J: 
relief of itching and w hea l formatio n is obta ined from repea ted 
PUV A treatments. T he underl yin g m echanisms for this benefi cial 
effect of photochemotherapy, howeve r, are hardl y explained by 
o ur previous know ledge. Because mast cell s playa central role 
in th e pathogenesis of those diseases, we, in Our previ ous report , 
studied the effect of PUV A irradi ation o n mast cells using m o use 
ears as an in vivo model. It w as fou nd th at pretrea tment o f mouse 
ear skin with PUV A irradiatio n signifi ca ntl y suppressed both an 
ea r swell ing res po nse and also the rate of mast cell degranul ation 
evoked by in tradermal inj ectio n with compo und 48/80 or con-
canava lin A (7J. T he res ults suggested that PUV A might interfere 
wi th the degranulation processes occurrin g atlin the mast cell 
membranes. H owever, the direct effect of PU V A on m ast cells 
co uld not be elu cidated exactly by in vivo experiments. The pur-
pose of this stud y w as to see whether or no t in vitro exposure 
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Abbreviations: 
BLB: black light bulbs 
ESR: ear swelling rcsponse 
8-MOP: 8-mcthoxypsora len 
PUV A: psoralcn plus UVA 
UVA: long- wave ultraviolet (320-400 nm) 
UVB: middlc-wave ultra violet (290-320 nm) 
PUV A irradiation did not bring any decrease in cell via-
bility or any spontaneous release of histamine from irra-
diated cells as shown by phase-contrast microscopy and by 
histamine assay, respectively. These results suggest that 
PUV A treatment m ay cause a noncyto toxi c disturbance at 
mast cell membranes or on surface receptors, leading to a 
decreased ca pacity for secretin g chemical mediators. ) In vest 
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of rat periton ea l mast cells to PUV A irradiation ca n ca use inhi-
bition o f release of chemi ca l m ediators fro m the cell s. 
MATE HIALS AND M ETH ODS 
Animals Eig ht to ten m ale Sprague-Dawley rats weig hin g 
400- 500 g were sacrifi ced in each experim ent. 
Light Source Black light bulbs (FL-20s BLB) emittin g wave-
leng ths ran ging fro m 300-400 n l11 with a pea k emission at 365 
nm (mainl y UV A) were purchased trom Toshiba Electric Co. , 
Tokyo, Japan. With the aid of a UV radio m eter (Tokyo Ko ga ku , 
Tokyo, J apan) , th e tota l irrad iance of 10 tubes of BLB throu gh 
a 3 mm-thick g lass filter w as 3.5 mW/cm 2 in the range of31 0-400 
nm and 0.02 mW/cm 2 in the range of 270-330 nm at a target 
distance o f 30 cm . 
Cell Preparation Hat periton ea l mast cells were o btained ac-
cordin g to th e methods of Fj ellner and H agerm ark [8,9J. B rieRy, 
8-10 animals were deca pitated and inj ected i. p. with a freshly 
prepared cold buffered sa lt solution (154 Il1M N aCI, 2.7 mM K C I, 
0.9 111M CaCI2, 4.0 111M N a21--lPO., 2.7 Il1M KH2 PO.,) pH 7. 1, 
containin g 0. 1 % (w/ v) human serum albumin . T he abdomen was 
gentl y m assaged and o pened after 90 s. The cell suspensio n was 
w ithdrawn and delivered to 50-ml polypropylene centrifuge tubes. 
Cells w ere was hed 3 times with the buffered sa lt solution by 
centrifu ga tion at 140 g for 2 min at 20°C. The cells were resus-
pended and the number o f mast cells was co unted by toluidin e 
blue sta inin g. The suspension was hete rogeno us and contained 
approximatel y 5% m as t cel ls. The total number of m as t cells 
obtained w as approximatel y 5 X 107 T hen , the cell suspension 
was adjusted to a concentration of 1 X 106 mast cells/ml and 
pooled at 4°C. 
PUV A Irradiation 8-M ethoxy psoralen was dissolved in a 
mix ture o f dim ethy lsulfoxide and 99% ethan ol (1 : 1) at a con-
centrati on of 1 m g/ml and stored ill the dark . The stock soluti on 
was diluted w ith the buffe red solu tion and added to a portion of 
the celJs at a fin al concentration of 0. 1 p.g/ml. The cells were 
in cubated with 8-MOP in the dark at 20°C for 60 min before 
UVA exposure. UVA radiation was administered to the cells by 
0022-202X/86/S03.50 Co pyright © 1986 by The Society for Inves tigative Dermatology, Inc. 
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placing a 100-ml plastic Petri dish (Falcon, Oxnard, California) 
containing 6 ml of the cell suspension under the light with the 
lid open. During exposure the dish was kept on an ice bed and 
cooled by an electric fan to avoid hea ting artifacts. A total of] 
or 5 J /cm 2 of UV A radiation was administered to the surface of 
the medium (irradiation time: 5 and 25 min, respectively). Irra-
diated cells were washed 3 times in the buffered solution and 
resuspended at a concentration of 1 X 106 mast cells/ml at 4°C. 
Other groups of the cells were treated with 8-MOP only or with 
UVA radiation only, or received no treatments (controls). Cell 
viability assessed by try pan blue dye exclusion was over 95% 
during at leas t a period of 4 h after UV A or PUV A trea tment. 
Histamine Release and Assay Nine-hundred microliters of 
irradiated or control cell suspensions were transferred to a 15-mJ 
plastic centrifuge tube and warmed up for 10 min in a water bath 
at 22°C. Then, 100 JLI of a buffered solution containing 5 JLg/ m1 
of compound 48/80 (Sigma Chemical Company, St. Louis, Mis-
souri) were added to the cell suspension to induce degranulation 
of mast cells. The deg ranulation reaction was stopped after 30, 
60, or 120 s of incubation by adding 9 m10f. cold (4°C) buffered 
solution. The cells were cooled in an ice-water bath for a few 
minutes and then centrifuged at 350 g for 10 min at O°C. After 
the superJ1a~ants were carefully decanted, the sediments were re-
suspended in a small amount of sa line and boiled for 3 min to 
extract the residual histamine from the cells in pellets . Histamine 
contents in both supernatants and sediments were determined by 
the enzymatic isotopic assay described by Shaff and Beaven [10] . 
The percentage of histamine release from mast cells was calculated 
according to the following equation: 
% histamine (H) release 
arnount of H in supernatant fraction 
X 100. 
amount of H in supernatant and sediment fractions 
The assay of each sample was performed in duplicate. 
Phase-Contrast Microscopy An aliquot of the cell suspension 
with or without PUV A treatment was dropped on glass slides, 
reacted with 0.5 JLllml of compound 48/80, and observed under 
a phase-contrast microscope (Nikon Diaphoto Type 114, Nikon, 
Tokyo, Japan). 
Statistical Analysis Student's I-test was employed to deter-
mine the statistical significance. 
RESULTS 
PUV A Irradiation The results are shown in Fig 1. The percent 
histamine release induced by 0.5 JLg/ml compound 48/80 from 
nonirradiated intact mast cells reached 83.0 ± 5.9 at 120 s. Com-
pared with this, mas t cells treated with PUV A at 1 or 5 J/ cm2 
showed a significant decrease in percent histamine release (25 .2 
± 13.3, P < 0.002; 21.3 ± 10. ], P < 0.002, respectively). At a 
dose of 1 or 5 J/cm2 of PUV A, the percentage of inhibition in 
histamine release was 68.9 and 73.7, respectively (Table I). No 
significant decrease was observed in cells treated with 8-MOP 
only. Exposure to UVA radiation alone caused a marked suppres-
sion of histamine release, compared with that in non irradiated 
cells (p < 0.01) . At a dose of 5 J/cm2 of UVA radiation, the 
percentage of inhibition was 25.0. The statistical comparison be:-
tween the UVA (5 Jlcm2)-only treated group and the PUV A (1 
or 5 J /cm2)-treated group at 120 s revealed a significant difference 
(p < 0.01). 
Phase-Contrast Microscopy By phase-contrast microscopy, 
most of the nonirradiated control mast cells treated with com-
pound 48/80 showed a feature of degranulation with many gran-
ules being dispersed around the cell body (Fig 2a), while much 
lesser amounts of cells exhibited degranulation after being treated 
with PUV A and then exposed to the reagent (Fig 2b). No visible 
degranulation occurred in mast cells treated with PUV A or UV A 
radiation but not exposed to compound 48/80. 
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Figure 1. Histamine release from rat peritoneal mast cells evoked by 0.5 
J-Lg/ml of compound 48/80 following UV A Or PUV A exposure. Each 
poim represcnts the averagc of valucs of 4 samples with 1 SD. Histamine 
coments in a sample were assayed in duplicate. Opell circle = Nontrcatcd 
closed sqllnre = 0.1 J-Lg/ml of 8-MO P on I y, opw sqllnre = 5 J 1 cm2 of UV A 
radiation only, closed circle = 1 J/cm2 of PUV A, opell triollgle = 5 J/cm2 
of PUVA. n, p < 0.01 comparcd with /l onirradiated controls. b, p < 
0.002 compared with nonirradiated controls. c, p < 0.01 compared with 
UV A-irradiated group. 
DISCUSSION 
This study demonstrated that in vitro PUV A irradiation exerted 
an inhibitory effect on hista mine release from rat peritoneal m ast 
cells. No such effect was observed in cells treated with 8-MOP 
only. Although the periton ea l cell ~uspension we used was het~ 
erogenolls, the major source of histamine was considered to be 
mast cells. The percentage of histamine release clearly represent 
the fun ctions of mast cells. In the previous study we showed that 
pretreatment of murine ear sk iil with PUV A irradiation signifi~ 
cantly suppressed both an ea r swelling response (ESR) and also 
the rate of mast cell degranulati on evoked by histamine liberator, 
compound 48/80 or concanavalin A, w hereas an increase in vas_ 
cular permeability induced by loca l injectioll with a mixture of 
serotonin and histamine was not rem arkably inhibited by PUV A. 
treatment at such lower irradiation dosages as did not produce 
detectable ESR [7]. The results sugges ted that the suppressive 
effect of PUV A radiation on ESR might be due to a PUV A-
induced inhibition in release of chemical mediators from mast 
cells but not due to a decreased response of dermal vessels to 
chemical mediators released. The former part of this interpreta_ 
tion is confirmed by the results of the present study. 
A preliminary study conducted by Kamide et al [11] showed 
that vascular permeability changes induced by passive cutaneou 
anaphylaxis or intradermal injection with compound 48/80 were 
significantly suppressed in PUV A-irradiated rat skin. Another 
study showed decreased itch and flare reactions to compound 
Table I. Percent Inhibition by PUV A in Histamine Release 
Evoked by Compound 48/80 
Treatment 
Nontreatcd 
8-MOP only 
UVA radiation only (5 J/cm2) b 
PUVA 
1 Jl cm2 
5 Jlcm2 
Percent Inhibition' 
o 
0.9 
25.0 
68.9 
73.7 
' Assessed at 120 s after incubation with compound 48/80. 
bElack light bulb tubes distribute a total of 20 I11J/cl112 of UVE radiation . 
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Figure 2. a, The majority of nonirradiated control mas t cel ls show de-
granulation evoked by compound 48/80 (Ihick arrollls). b, PUVA-treated 
mas t cells do not respond to co mpound 48/80 (Ihill (/ 1'1'0 1115). O nly a few 
cells were degranubted . 
48/80 in PUV A-treJted human skin [1 2). O n the o ther hand, 
K alimo et al [1 3) dem onstrated that PUV A irradi atio n with eryth-
em ogeni c dosages no t onl y inhibited m as t cdl deg ranu lation but 
also diminished vascul ar diJatatiol1 evo ked by histamine injectio n. 
These and o ur s tudies therefo re sugges t the poss ibility that PUV A 
m ay interfere with the initial phase of immediate-type hypersen-
sitivity reacti ons by suppressing the m as t cell degranulation and , 
in additi on , by a decreased vascular responsiveness to chemi cal 
m ediators at relatively hig her energy doses. 
The action m echanism (s) fo r a PUV A-induced inhibition in 
histamine release from mast cells is no t clea r. H o wever, PUV A 
d oes no t seem to induce cyto lytic dama ge o f m as t cell s associated 
w ith a resultant loss o f reservo ir of m ediato rs in g r:lI1u les, because 
no detectable decrease in cell viability no r an y spontaneous release 
of histamin e w as o bserved in PUV A- irradiated mast cell s and 
also beca use 8-MOP is generall y kno wn to be a no nhem olytic 
agent [14) . It is m o re li kely that PUVA trea tm ent ca uses mino r 
disturbances at the cell m embranes o r on surface recepto rs , leadin g 
to a decreased capacity to secrete chemi cal m ediators. Gendi-
menico and Kochevar [15) have shown the suppressive effe ct o f 
certain photosensitizers plus UV radiation (acridin e plus UV A or 
benoxapro fen plus UVB) o n co mpound 48/80-evo ked degran-
ulation o f rat perito neal mast cells in a lo w er energy dose range, 
w hile those pho tosensitizers are m embrane-toxic under higher 
U V energy doses. They have claimed that th ose pho tosensitizers 
have du al effects o n m Js t cells , and that under irradi atio n with 
sublethal doses of UV, they m ay cause a noncytolytic alteration 
in the m as t cell m embrane, supporting our idea rega rdin g 
8-MOP. In this stud y, it w ould be very doubtful that the inhi-
bitio n is due simply to the DNA effect, since the PUV A- induced 
inhibition occurred even at very sho rt intervals after PUV A treat-
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ment (a decrease in DNA sy nthesis attains th e m aximum 4-6 h 
fo ll o win g a sin gle PUV A irradia tion) [1 6). 
A co mbin ati on of pso ralen and UV A radiati on is not necessa ril y 
required fo r suppression in m as t cell deg ranulation . Irradiation 
wi th UVA alone also showed a rem arkabl e inhibiti on , altho ugh 
th e degree of inh ibition rem ained at a m uch lesser exten t than 
PUVA irrad iation . Seve ral autho rs have exa mined the effect of 
UV A and UVB radi ation on Ill as t cell fun ctions using in vivo 
and in vit ro m odels. Gollhausen et al [1 7] have dem onstrated th at 
w heal reacti on o f hum an skin to intrade rm al inj ection w ith co-
deine phosphate is significa ntl y suppressed by preirradiation w ith 
a to tal of5 exposures of therapeuti c doses of either UV A or U VB 
bu t irrad iation w ith UVB produces a grea ter degree o f inlUbi tion 
than UV A. Since th ose autho rs, however, used plastic sheet-
fi ltered flu o rescenr B LB (emiss ion spectru m: 300- 425 nm; pea k: 
350 nm) and flu orescent sunlam p tubes (emission spectrum: 280-380 
nm ; pea k: 313 nm) as radi~tion sources, respectively, th e ac tion 
spectrum fo r the inhibition could not be determined exactl y . Fjell-
ner and Hagermark [9), on the o th er hand , em ployed a filter-
equipped xenon arc lamp as a more specifi c sou rce fo r UVA o r 
UVB radiation and dem onstrated that irradiati on with m o derate 
doses o f UVB (70- 720 mJ /c l11 2) ca used a dose- dependent inhi-
bition in histamine release fro m rat peritonea l m as t cells evoked 
by compound 48/80, w hereas ex posure to high d oses of the spe-
cifi c wavelengths of UV A (up to 20 .5 J /CI11 2) did not show any 
inhibitory effec t. The latter investigators cla imed that the wave-
lengths responsible fo r inhibiti on in hi stamin e release should be 
in the range o fUV B and , as to the mechanisms for the inhibition, 
they speculated cell m embrane-related effects of UV~ra dia tio n. 
Since in the present ex perim ents, BLB , though g lass-filtered , 
distributed a sm all am o unt of UV B wa velengths (a total of 20 
mJ /cm 2) in addition to those of UVA , th e BLB- induced inhibi to ry 
effect see med to be due to the concomitant UVB energy rather 
than to the specific wa velengths o f UVA . Ano ther possibility 
might include a photoaugmentative in ~eraction between both ranges 
o f w aveleng ths. T he actio n spectrum fo r this inhibition effect 
should be determined by usin g a m onoch rom atic li ght source. 
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